Molecular tools such as quantitative PCR (8, 15, 16, 21, 22) , fluorescence in situ hybridization (2, 31, (37) (38) (39) , and microarrays (19, 20, 24) are increasingly employed to interrogate biological treatment processes (23, 32, 35) . When functional genes (i.e., those that encode proteins) are assessed with these tools, the results provide direct evidence of a microbial community's capabilities and activities. Few, if any, relevant functional gene sequences are known for many systems, and this lack of sequences is a fundamental barrier to the effective application of molecular tools in environmental systems (1) .
Several methods for identifying prokaryotic functional genes are available. Transposon mutagenesis has been used, but it requires an appropriate phenotypic screen. Methods based on differential gene expression, including microarrays, differential display, RNA arbitrarily primed PCR, and representational difference analysis (RDA), also have been used (3, 5, 9, 10, 30, 33, 36) . Although microarrays are powerful tools for identifying differentially expressed genes, the design of new microarrays requires significant investment. Also, differential display, RNA arbitrarily primed PCR, and RDA often have high falsepositive rates and might miss some differentially expressed genes due to PCR biases (6, 10, 27, 30, 33, 36) . Furthermore, RDA uses multiple high-stringency hybridizations, which could result in the loss of low-abundance, up-regulated genes (3, 5) .
Suppression subtractive hybridization (SSH) PCR cDNA subtraction is an alternative gene identification method that has gained favor for eukaryotic applications but has not yet been applied to prokaryotes (8a, 14a) . This method can identify rare and abundant genes, potentially yielding a more diverse gene pool. The existing eukaryotic SSH PCR cDNA subtraction methods cannot be applied directly to prokaryotes, so we have adapted those methods to develop a prokaryotic SSH PCR cDNA subtraction protocol. A bacterium with a fully sequenced genome, Pseudomonas putida mt-2, degrading toluene was selected as a model system for developing and validating this methodology (13, 28) . While our particular interest is to identify pollutant biodegradation genes in prokaryotes with unsequenced genomes, other potential applications for this technique exist (e.g., identifying genes involved in pathogenesis or antibiotic resistance).
MATERIALS AND METHODS
Method synopsis. Here we briefly outline the steps in SSH PCR cDNA subtraction. The microorganism of interest is cultured under two conditions: for example, with a control substrate, such as acetate (i.e., driver culture), and a pollutant, such as toluene (i.e., tester culture). RNA is extracted and used to generate double-stranded cDNA. The cDNA is digested with a restriction enzyme to produce fragments of suitable size and to prepare the cDNA for adaptor ligation. Tester cDNA is split into two pools, and each pool is ligated to adaptor 1 or adaptor 2 ( Fig. 1, step I) . The tester cDNA pools are heat denatured and separately hybridized to an excess of heat-denatured driver cDNA (Fig. 1, step  II) . These two pools are mixed together with additional heat-denatured driver cDNA for a second hybridization, and the overhang ends are filled in with DNA polymerase (Fig. 1, step III) . cDNA fragments in the tester 1 pool that were single stranded after the first hybridization can now hybridize to their complements in the tester 2 pool. This results in double-stranded cDNA fragments of differentially expressed genes that have adaptor 1 on one end and adaptor 2 on the other end.
Suppression PCR selectively amplifies up-regulated genes, which have different adaptors on each end (type a in Fig. 1, step III) , by using primers that are complementary to the adaptors (Fig. 1, step IV) . Fragments with no adaptors or those with adaptors on one end only (types b, e, f, and g in Fig. 1 , step III) cannot be amplified because they do not have primer binding sites on both ends.
Amplification of molecules with the same adaptor on both ends (types c and d in Fig. 1 , step III) is suppressed because of intramolecular hybridization between the adaptor on the 5Ј end of the molecule and its complement on the 3Ј end of the molecule. During the first hybridization, abundant genes form more hybrids with the same adaptor on both ends than do rare genes because hybridization rates are governed by second-order kinetics. Suppressing the amplification of these molecules reduces the amount of abundant genes, thereby increasing the diversity of the subtracted gene pool. The suppression PCR amplicon is used to generate a clone library (Fig. 1, step V) , and clone inserts are sequenced.
Reagents for eukaryotic SSH PCR cDNA subtraction are available commercially (PCR-Select cDNA subtraction kit; Clontech, Mountain View, CA). Whenever possible, reagents from this kit were used according to the manufacturer's instructions. SSH PCR cDNA subtractions were run with two sets of independently cultured cells (one set for development and one set for the replicate subtraction).
Bacterial strain and culturing conditions. Pseudomonas putida mt-2 (ATCC 33015) was grown at 30°C in 250-ml glass bottles containing 50 ml of M9 medium (25) , supplemented with 50 l of stock salt solution (4) , and sealed with Teflonlined Mininert caps (Alltech, Deerfield, IL). To ensure the TOL plasmid was present, cultures were initially grown in M9 medium with 675 mg/liter of mtoluate and then transferred to medium with 50 mg/liter of toluene or 600 mg/liter acetate. Toluene headspace samples were analyzed with an isothermal program at 60°C in a Hewlett-Packard 5890 gas chromatograph equipped with a Restek RTX-624 capillary column and a flame ionization detector. mRNA isolation. Total RNA was isolated from ϳ1 ϫ 10 10 log-phase P. putida cells (measured by plate counts) grown on toluene or acetate by use of a RiboPure-Bacteria kit (Ambion, Austin, TX). Total RNA was DNase treated with DNA-free (Ambion, Austin, TX), and the absence of contaminating DNA was verified by PCR (see primer sequences for rplU21 in Table 1 ). mRNA was isolated from 180 g total RNA for each substrate by use of a MICROBExpress bacterial mRNA enrichment kit (Ambion, Austin, TX). Multiple preparations for each substrate were pooled before ethanol precipitation. Only 10 l of glycogen (5 mg/ml) was added to each pooled sample. Residual rRNA was removed by repurifying 20 g of the ethanol-precipitated RNA with a MICROBExpress kit. No glycogen was added during the ethanol precipitation of the second round of mRNA purification to ensure that the glycogen concentration remained below the inhibitory level (2 mg/ml) (12) . RNA quantity was measured by absorbance at 260 nm, and quality was assessed on a 6.7% formaldehyde gel.
cDNA synthesis. We designed a prokaryotic cDNA subtraction (PCS) primer (5Ј-TTTTGTACAAGCTN 8 -3Ј), which contains an RsaI site (underlined) close to a random-octamer (N 8 ) mRNA-binding region. For first-strand cDNA synthesis, 2 g of mRNA was mixed with 2 l of PCS primer (10 M) and nucleasefree water to a final volume of 11 l. The mixture was denatured at 70°C for 10 min and placed on ice. Four microliters of 5ϫ first-strand buffer, 2 l of 0.1 M dithiothreitol, 1 l deoxynucleoside triphosphate (dNTP) mix (10 mM each dNTP; New England Biolabs, Beverly, MA), and 2 l of SuperScript III reverse transcriptase (200 U/l) were added to each reaction mixture, which was incubated for 10 min at 25°C followed by 1.5 h at 42°C. Then, an additional 2 l of SuperScript III reverse transcriptase was added, and the incubation continued for 1.5 h at 42°C.
Second-strand synthesis was performed according to the instructions in the PCR-Select cDNA subtraction kit. Afterward, the reaction mixtures were heated to 70°C for 10 min to inactivate the polymerases and placed on ice. One microliter of DNase-free RNase (500 g/ml) (Roche, Germany) was added to each tube, and the tubes were incubated at 37°C for 30 min and then placed on ice. This step enabled accurate cDNA quantification but may be omitted. Three to four cDNA synthesis reaction mixtures were pooled and purified with a QIAquick PCR purification kit (Qiagen, Valencia, CA). cDNA yields were quantified by absorbance at 260 nm.
cDNA digestion and adaptor ligation. Tester and driver cDNA were digested with RsaI and purified using a MinElute reaction cleanup kit (Qiagen, Valencia, CA). Digested cDNA was electrophoresed on a 1% agarose gel and stained with SYBR gold (Molecular Probes, Eugene, OR). Adaptors 1 and 2 from the PCR-Select cDNA subtraction kit were ligated to tester cDNA. To assess ligation efficiency, a PCR amplification test was performed according to the protocol in the PCR-Select cDNA subtraction kit by use of two housekeeping genes not differentially expressed in the presence of toluene (9, 26) : genes for RNA polymerase sigma factor (rpoD) and ribosomal protein L21 (rplU21) ( Table 1 ). (The adaptors and corresponding secondary PCR primers provided in the PCR-Select cDNA subtraction kit used for this study are labeled 1 and 2R by Clontech [Mountain View, CA]. For simplicity, we refer to adaptor 2R and nested-PCR primer 2R as adaptor 2 and nested-PCR primer 2, respectively.)
First and second hybridizations and suppression PCR. The first and second hybridizations were performed according to the PCR-Select cDNA subtraction kit protocol, with the exception that 4 l of freshly denatured driver cDNA was added during the second hybridization. Primary and secondary nested suppression PCRs were run with Advantage cDNA polymerase mix (Clontech, Mountain View, CA) according to the PCR-Select cDNA subtraction kit protocol, except where noted. The primary PCR primer (PCR primer 1, which is complementary to both adaptors) and secondary nested-PCR primers (nested-PCR primer 1 and nested-PCR primer 2, which are complementary to adaptors 1 and 2, respectively) were provided by the PCR-Select cDNA subtraction kit.
To test the effect of the nested-PCR primer 2 concentration on suppression efficiency, we conducted suppression PCR experiments using 50 to 400 nM nested-PCR primer 2 and 400 nM nested-PCR primer 1. Purified plasmid DNA from cDNA subtraction clones with an insert containing adaptor 1 at both ends (1,1-clone), adaptor 2 at both ends (2,2-clone), or adaptor 1 at one end and adaptor 2 at the other end (1,2-clone) was used as the template. Identities of the clone inserts are shown in Table 2 . Twenty-seven cycles of suppression PCR were conducted according to the secondary PCR protocol using 10 ng of plasmid DNA from one or all three clones as a template. PCR products were electrophoresed, and product size and mass were determined with an Agilent 2100 bioanalyzer (Agilent Technologies, Santa Clara, CA).
To optimize the nested-PCR primer 2 concentration for sufficient suppression efficiency, secondary PCRs were run on hybridized cDNA with a nested-PCR primer 2 concentration of 50 to 400 nM. An amplicon from each suppression PCR was cloned, and clones were screened using a PCR adaptor screen as described below. For subsequent subtractions, suppression PCR was conducted with 50 nM nested-PCR primer 2.
Clone screening and fragment sequencing. An amplicon from the secondary nested PCR was cloned using a TOPO TA cloning kit for sequencing (Invitrogen, Carlsbad, CA). Twenty to forty clones were selected and screened using the following PCR adaptor screen. For each clone, three PCRs were run using the following thermocycler program: 30 cycles at 94°C for 30 s, 68°C for 30 s, and 72°C for 1.5 min, followed by 72°C for 10 min. The reaction mixtures contained nested-PCR primer 1 only, nested-PCR primer 2 only, or both primers. A master mix was prepared for each primer combination by mixing 18.9 l of water, 2.5 l of 10ϫ Thermopol reaction buffer (New England Biolabs, Beverly, MA), 0.5 l dNTP mix (10 mM of each dNTP; New England Biolabs, Beverly, MA), 2 l total of primers (10 M), and 0.1 l Taq DNA polymerase (5 U/l) (New England Biolabs, Beverly, MA) per reaction mixture. Cells were used directly as the PCR template. The amplicon was visualized on a 2% agarose gel stained with ethidium bromide. Clones yielding a band when only nested-PCR primer 1 was present were identified as 1,1-clones. Clones yielding a band when only nested-PCR primer 2 was present were identified as 2,2-clones. Clones that produced a band only when both primers were present were identified as 1,2-clones.
Those identified as 1,2-clones were screened further using a HaeIII digest. Five microliters of each 1,2-clone amplicon was incubated with 0.5 l of HaeIII Reverse transcription, quantitative real-time PCR (RT-qPCR). To synthesize cDNA, 4 g of DNase-treated total RNA (isolated as described above) was mixed with 2 l of random hexamer primer (10 M) and nuclease-free water (Ambion, Austin, TX) to a final volume of 10 l. The mixture was denatured at 70°C for 5 min and placed on ice. Four microliters of 5ϫ first-strand buffer, 2 l of dNTP mix (10 mM of each dNTP; New England Biolabs, Beverly, MA), 2 l of water, and 2 l of avian myeloblastosis virus reverse transcriptase (Roche, Germany) were mixed and incubated at 42°C for 1.5 h. Negative controls, used to verify the absence of contaminating genomic DNA, were prepared by omitting the reverse transcriptase. qPCR reactions were run on a 7900HT real-time PCR system (Applied Biosystems, Foster City, CA) using Power SYBR green PCR master mix (Applied Biosystems, Foster City, CA) and 0.3 M of each primer ( Table 1 ). The following thermocycler program was used: 50°C for 2 min, 95°C for 10 min, and 40 cycles of 95°C for 15 s and 60°C for 60 s. Fivefold serial dilutions of cDNA from toluene-grown cells were used to construct a standard curve. Transcript quantities of each target gene were normalized to the transcript quantities of housekeeping gene rplU21 for the same culturing conditions. Then, up-regulation was calculated for toluene-grown cultures compared to acetategrown cultures.
RESULTS AND DISCUSSION
While some steps of SSH PCR cDNA subtraction required significant methodology development for application to prokaryotes, other steps needed only verification that methods previously developed for eukaryotes remained valid for prokaryotes. Adaptations of the eukaryotic protocol as well as results of the prokaryotic SSH PCR cDNA subtractions conducted for our model system are presented.
cDNA synthesis and adaptor ligation. We designed a PCS primer with an RsaI site at the 5Ј end (to enable adaptor ligation) and a random-octamer mRNA-binding region at the 3Ј end. Because only the random-octamer region is likely to bind to mRNA while the RsaI site remains single stranded, binding of the PCS primer to mRNA is not as energetically favorable as is binding of a standard random primer or the eukaryotic cDNA subtraction primer, which has 30 thymine residues that can bind to the poly(A) tail of eukaryotic mRNA. cDNA yields with the PCS primer were significantly lower than those with a random hexamer primer or with the eukaryotic cDNA subtraction primer (data not shown). To improve cDNA yield, SuperScript III was used in a 3-h incubation for first-strand synthesis and a second aliquot of SuperScript III was added after the first 1.5 h. By use of this protocol, two to four cDNA synthesis reactions produced sufficient cDNA (1 to 2 g) (data not shown). Additionally, this cDNA had an adaptor ligation efficiency of nearly 100% (data not shown).
Hybridizations, suppression PCR, and cloning. A set of clones for our model system was generated initially according to the eukaryotic suppression PCR protocol, and we observed that 75% of 22 clone inserts were 2,2-clones, 0% were 1,1-clones, and 25% were the desired 1,2-clones. The cause of the high percentage of 2,2-clones remains unknown; the predominance of 2,2-clones was reproducible in the model system but did not occur when we performed a control cDNA subtraction with eukaryotic mRNA as prescribed by the PCR-Select cDNA subtraction kit (data not shown). Because clones with the same adaptor on both ends (e.g., 2,2-clones) represent nontarget gene fragments, we modified suppression PCR to reduce the amplification of 2,2-fragments.
During suppression PCR, primer annealing competes with intramolecular pan structure formation (Fig. 1, step IV) . Lower primer concentrations favor pan formation, and temperature dictates the stability of binding. The nested-PCR primer 1 binding region within adaptor 1 has a melting temperature that is 4 to 5°C greater than that of the nested-PCR primer 2 binding region within adaptor 2. Therefore 1,1-pan structures are more stable than 2,2-pan structures once formed, which supports the observed bias toward amplification of 2,2-fragments.
We conducted suppression PCR experiments with a purified 1,1-clone, 2,2-clone, and 1,2-clone; when all three templates were present with a nested-PCR primer 2 concentration of 400 nM, 2,2-clones and 1,2-clones were amplified exponentially, while 1,1-clones were not ( Fig. 2A) . Furthermore, we determined that decreasing the nested-PCR primer 2 concentration to 50 nM resulted in significant quantities of 1,2-amplicon while keeping the 2,2-amplicon below the detection limit (0.5 ng) (Fig. 2A) .
To select an appropriate nested-PCR primer 2 concentra- tion for prokaryotic SSH PCR cDNA subtraction, new suppression PCRs were run on hybridized cDNA (Fig. 1 , step III) with 400 nM, 200 nM, 100 nM, or 50 nM nested-PCR primer 2, and subtracted clone libraries were generated. Selected clones were screened using the PCR adaptor screen; a representative gel is shown in Fig. 3A . The percentages of 1,2-clones were 25%, 17%, 22%, and 77% for 400 nM, 200 nM, 100 nM, and 50 nM nested-PCR primer 2, respectively (Fig. 2B ). Therefore, 50 nM nested-PCR primer 2 was selected as the optimal concentration. Reducing the nested-PCR primer 2 concentration from 400 nM to 50 nM significantly increased the percentage of 1,2-clones, but it resulted in a mild increase in the number of chimeric clones (from 5% to 14%). In an attempt to reduce chimera formation, a shorter denaturation time (10 s instead of 30 s) was used in suppression PCR because heating DNA can lead to depurination (14, 34) and thereby induce chimera formation (29) . However, this modification did not reduce chimera formation.
Screening clones for sequencing. The PCR adaptor screen can be used to discard 1,1-and 2,2-clones. The amplicon from 1,2-clones should be digested and electrophoresed to select unique clone inserts for sequencing. The amplicon from several 1,2-clones was digested with HaeIII and analyzed by gel electrophoresis. Figure 3B shows a representative gel. Clones 19 and 30 appeared to be identical by this screen, which was confirmed by sequencing; the other clones appeared to be distinct from one another by this screen, which was confirmed by sequencing. All 28 1,2-clones from the subtraction library generated using 50 nM nested-PCR primer 2 were sequenced, and the validity of the PCR adaptor screen and the restriction digest screen was verified (data not shown).
For future applications, it will be necessary to verify that sequences obtained via prokaryotic SSH PCR cDNA subtraction represent differentially expressed genes. Screening clones for differential expression can be conducted prior to sequencing (e.g., by generating Northern blot probes from cloned fragments) or after sequencing (e.g., by RT-qPCR). Because prokaryotic SSH PCR cDNA subtraction produces gene fragments, a downstream tool, such as gene walking, is required to obtain complete gene sequences.
Analysis of gene fragments isolated using prokaryotic SSH PCR cDNA subtraction. Seventy-one clones were sequenced during the development of the prokaryotic SSH PCR cDNA subtraction protocol. Ninety-two percent of these clones contained fragments of genes known to be involved in toluene degradation (data not shown). The majority of these clones contained fragments of genes from the TOL plasmid upper or meta operons, which contain the key metabolic genes involved in toluene degradation (7, 11) . These upper and meta operon genes have been shown to be highly up-regulated in the presence of toluene (9) and therefore are the key genes that prokaryotic SSH PCR cDNA subtraction was expected to identify in the model system.
Following the development phase, we examined the reproducibility of the prokaryotic SSH PCR cDNA subtraction protocol by performing a replicate subtraction on an independent cell culture for the model system. Eighty-eight percent of 24 unique clones sequenced from this replicate subtraction contained sequences of genes previously shown to be related to toluene degradation (see Table S1 in the supplemental material) (9) . Twenty of these clone fragments were from genes in the upper and meta operons. Figure 4 is an alignment between clone fragments from this replicate subtraction and the upper and meta operons. With only 24 clones, we identified fragments of 9 of the 20 genes found in the upper and meta operons. Because each operon is transcribed as a single mRNA molecule, some clones contain fragments of two genes within an operon as well as the intergenic sequence.
In addition to the plasmid-borne genes of the upper and meta operons, fragments of four chromosomal genes were obtained (see Table S1 in the supplemental material). Clone 21 contained a benzoate transporter gene (benK), which is part of the benABCDKEZF operon that is involved in benzoate metabolism (18) . Benzoate is a by-product of toluene degradation; although there is functional redundancy between many of the ben genes and upper operon genes, ben genes have been shown to be up-regulated in the presence of toluene (9) . Overall, the replicate subtraction successfully identified fragments representing 10 distinct toluene-related genes within three key operons (upper, meta, and ben). Clone 22 contained an acetylornithine aminotransferase gene (argD), which is involved in arginine biosynthesis. Other genes involved in arginine biosynthesis (i.e., argA, argF, and argJ) have previously been shown to be up-regulated in the presence of toluene (9) . Two clones (23 and 24) contained rRNA sequences. A small percentage of rRNA clones were expected because rRNA is still present in the purified mRNA. Overall, 95 clones were sequenced from the compiled subtractions (developmental plus replicate subtractions). In addition to the genes shown in Fig. 4 from the replicate subtraction, xylR, xylN, xylI, xylK, xylQ, xylF, xylT, xylL, benA, and benD were isolated from the developmental subtraction (genes xylK and xylQ were found in chimeric clones). Additional clone sequencing should yield sequences for the remaining genes found in the upper, meta, and benABCDKEZF operons. Alternatively, these sequences could be obtained via gene walking, which is likely to yield sequences of functionally related genes in prokaryotes where operons are common.
RT-qPCR. To assess the up-regulation of xyl and ben genes under the culturing conditions used for prokaryotic SSH PCR cDNA subtraction, RT-qPCR was conducted for selected genes (Fig. 5) . xylB and xylC were highly up-regulated as a result of toluene exposure, and almost all of the upper operon genes were identified from the compiled prokaryotic SSH PCR cDNA subtractions. xylK, xylG, xylE, and xylX were not quite as highly up-regulated, and many meta operon genes were identified by prokaryotic SSH PCR cDNA subtraction. The regulatory genes xylR and xylS were up-regulated 16-fold and 70-fold, respectively, which is consistent with these genes being identified less frequently than were upper and meta operon genes (only 1 of 95 clones contained a fragment of the xylR gene). The selected chromosomal genes benA and benC were up-regulated to levels similar to or greater than levels for the upper operon genes. Consistent with RT-qPCR data, benA, benD, and benK were isolated by prokaryotic SSH PCR cDNA subtraction. Prokaryotic SSH PCR cDNA subtraction identified argD, which has not previously been shown to be upregulated in response to toluene, and RT-qPCR showed that argD was fourfold up-regulated when cells were grown on toluene compared to acetate.
Prokaryotic SSH PCR cDNA subtraction was highly successful at isolating genes involved in toluene degradation; however, a few highly up-regulated genes were not among the sequenced clones. For example, although xylG and xylE were up-regulated to nearly the same level (Fig. 5) , xylE was isolated by prokaryotic SSH PCR cDNA subtraction while xylG was not. Although the up-regulation may be a predictor of which genes might be isolated by prokaryotic SSH PCR cDNA subtraction, the absolute quantity of gene transcripts (i.e., not relative to levels present in acetate-grown cells) also is important. When a small number of clones is selected for sequencing, the probability that fragments of a given gene will be sequenced depends on the prevalence of an amplicon from that gene in the suppression PCR pool. Some degree of equalization between highand low-abundance genes occurs during SSH PCR cDNA subtraction due to the second-order kinetics of hybridization; however, the frequency of a given gene in the suppression PCR pool depends on its up-regulation, the absolute quantity of transcripts for that gene in the mRNA pool, and the size and number of cDNA fragments for that gene. For the eukaryotic protocol, a target gene must be more than 0.01% of the total cDNA by mass and more than fivefold up-regulated to be isolated (17) . For some genes, the restriction enzyme used may not produce a sufficient number of gene fragments of the appropriate size (approximately 100 to 900 bp) for isolation via SSH PCR cDNA subtraction. A combination of these factors results in some genes being isolated repeatedly while others are not among the selected clones.
We have demonstrated that the methodology developed for prokaryotic SSH PCR cDNA subtraction can be used to identify pollutant degradation genes from prokaryotes. Overall, 91% of the 95 clones sequenced from the compiled prokaryotic SSH PCR cDNA subtractions contained fragments of genes previously shown to be related to toluene degradation, and we successfully identified fragments of 20 genes known to be relevant to toluene degradation. Just 6% of the clones from the compiled subtractions contained only rRNA fragments (false positives). Domínguez-Cuevas et al. (9) showed that 180 genes are up-regulated in P. putida mt-2 to various degrees in response to toluene. The pool of genes isolated via prokaryotic SSH PCR cDNA subtraction did not show this kind of diversity. Rather, the pool was dominated by genes encoding enzymes involved in toluene degradation, which would be most useful for interrogating biological treatment systems. Prokaryotic SSH PCR cDNA subtraction makes it possible to obtain the sequences of key genes within a few weeks. Because prokaryotic SSH PCR cDNA subtraction requires no a priori knowledge of the genetics of a given bacterium, this technique can be used on any isolated bacterium for which appropriate culturing conditions have been identified. Future work will focus on applying this new methodology to environmentally relevant prokaryotes for which little or no gene sequence information is available. It might also be possible to use this tool to identify genes from mixed cultures, but future work is required to investigate its utility for this purpose.
